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Summary
Purpose: Rift Valley fever (RVF) virus has expanded its geographical range, reaching
Asia in 2000. This work investigated RVF seroprevalence among children born after
the 2000—2001 outbreak in Saudi Arabia and compared it with the seroprevalence
of adolescents born before the outbreak.
Design: In a seroepidemiological study in southwestern Saudi Arabia (Jazan, Aseer,
and Al-Qunfuda), a random sample of 389 children and adolescents was investigated.
Data were collected regarding the subjects’ sociodemographic status, housing condi-
tions, and animal contact. Blood samples were collected and tested for RVF-speciﬁc
IgG and IgM.
Results: None of the study samples were found to be seropositive for anti-RVF virus
IgM. None of the study subjects aged 1—8 years (born after the outbreak) were posi-
tive for RVF-speciﬁc IgG. In contrast, 14 subjects (4.8%) aged 9—19 years (born before
the outbreak) were positive for RVF-speciﬁc IgG. Among adolescents in our study,
4.9% were positive for anti-RVF IgG. This study showed that among adolescents, a
history of contact with aborted animals (aOR = 13.361, 95% CI = 5.091—35.072) and
transporting aborted animals (aOR = 18.861, 95% CI = 11.125—31.622) were signiﬁcant
risk factors.
Conclusions: Despite the low virus activity recently reported among animals, neither
clinically apparent RVF infections nor outbreaks among humans have been docu-
mented, indicating that the control measures taken by the Ministry of Agriculture
and Ministry of Health are effective.
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Ltd. All rights reserved.
∗ Corresponding author at: Department of Family and Community M
Box 641, Saudi Arabia.
E-mail address: mahfouz2005@gmail.com (A.A. Mahfouz).
1876-0341/$ — see front matter © 2013 King Saud Bin Abdulaziz University for Health
http://dx.doi.org/10.1016/j.jiph.2012.11.011ziz University for Health Sciences. Published by Elsevier
edicine, College of Medicine, King Khalid University, Abha, P.O.
Sciences. Published by Elsevier Ltd. All rights reserved.
RI
R
d
T
A
i
i
i
o
r
7
w
2
ﬁ
o
h
o
c
A
d
a
p
b
o
p
M
E
T
a
U
f
d
S
T
a
J
b
T
m
a
E
o
f
o
r
e
c
e
a
a
c
P
Q
S
F
i
r
d
w
T
d
d
t
s
Q
A
w
l
s
i
6
B
V
w
a
1
1
a
u
t
V
p
t
l
T
a
R
f
E
dift Valley fever
ntroduction
ift Valley fever (RVF) is an acute zoonotic viral
isease that affects ruminant animals and humans.
he disease is named after the Rift Valley of East
frica, where the etiologic virus was ﬁrst isolated
n 1930 during an investigation into an epidemic of
nfections among sheep on a farm in the Rift Valley
n Kenya [1]. On 11 September 2000, the Ministry
f Health (MOH) of the Kingdom of Saudi Arabia
eceived reports of unexplained severe hepatitis in
patients from the Jazan region near the south-
estern border of Saudi Arabia. On 15 September
000, laboratory tests performed at the CDC con-
rmed the diagnosis of RVF. By the end of the
utbreak (22 September 2001), the total number of
ospitalized cases was 884, of which 843 were lab-
ratory conﬁrmed [2]. No RVF outbreaks or human
ases have been reported in the Kingdom of Saudi
rabia since then.
The objectives of the present study were to
etermine the seroprevalence of RVF virus infection
mong children born after the outbreak and com-
are it with the seroprevalence of adolescents born
efore the outbreak in the southwestern regions
f Saudi Arabia. This study also aimed to identify
otential risk factors leading to RVF virus infection.
aterials and methods
thical statements
he protocol for this study was reviewed and
pproved by the ethical committee of King Khalid
niversity. Written informed consent was obtained
rom each individual (or his/her guardian for chil-
ren).
tudy area
he study area included the Jazan and Aseer regions
nd the Al-Qunfuda area in the Makkah region. The
azan region is located in southwestern Saudi Ara-
ia, bordering the northwestern region of Yemen.
he climate is hot and humid most of the year. The
ajority of the local inhabitants work as farmers
nd raise domesticated animals for their livelihood.
lectricity is not yet available in the vast majority
f the remote villages. The Aseer region extends
rom the high mountains of Sarawat (at an altitude
f 3200m above sea level) to the Red Sea. This
egion borders Jazan and is located to its north-
ast. Al-Qunfuda is further northward along this
oastal plain in the Makkah region. The social and
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nvironmental conditions in the three study areas
re similar. The health care facilities in the study
reas include 13 hospitals and 134 primary health
are centers (PHCCs) in Jazan, 17 hospitals and 253
HCCs in Aseer, and 1 hospital and 29 PHCCs in Al-
unfuda [3].
ampling procedures
ive areas in the Jazan region (Jazan, Baysh, AboAr-
sh, Al Ardah, and Samtah), four areas in the Aseer
egion (Al Birk, Al Gahma, Muhayeel, and Al Majar-
ah) and the Al-Qunfuda area in the Makkah region
ere selected as target sites for the present study.
he selected areas reported Rift Valley fever cases
uring the 2000—2001 outbreak. In late 2008, a ran-
om sample of children and adolescents attending
he outpatient clinics of these hospitals for any rea-
on was included in the study.
uestionnaire-based interviews
comprehensive questionnaire-based interview
as offered to all children (or guardians) and ado-
escents. The questionnaire included questions on
ociodemographic data, environmental and hous-
ng conditions, and exposures during the previous
years.
lood sampling
enous blood samples (approximately 5—10ml)
ere collected from each participant in plain tubes
nd allowed to clot at room temperature (range
8—20 ◦C). The samples were then centrifuged at
0,000 rpm for 10min, and the separated sera were
liquoted into two portions and stored at −20 ◦C
ntil they were transported in Styrofoam boxes con-
aining dry ice (solid carbon dioxide, −40 ◦C) to the
irus Lab of the Abha College of Medicine. All sam-
les were received in a frozen state and grouped by
he area of collection. The samples were stored in
abeled boxes in deep freezers at −20 ◦C.
esting for serum anti-RVF IgG and IgM
ntibodies
VF kits were provided as bulk reagents to be
urther processed prior to testing. The RVF IgG
LISA kit (batch # 2007) was manufactured, stan-
ardized and provided by the National Institute of
ommunicable Diseases, Special Pathogens Unit,
ohannesburg, South Africa. All relevant reagents,
ncluding the controls, were supplied with the kits.
VF-IgM assays were performed using these kits
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Table 1 Seroprevalence of RVF IgG by age group and location.
Variable Seroprevalence of RVF IgG
No %
Age group related to outbreak of 2000
1—less than 9 years (born after the outbreak) 0/98 0.0
9—19 years (born before the outbreak) 14/291 4.8
Chronological age group
Preschool age (1—less than 6 years) 0/62 0.0
Pre-adolescent age (6—less than 10 years) 0/43 0.0
Adolescents (10—19 years) 14/284 3.6
Location
Aseer region 6/103 6.4
Jazan region 8/274 4.5
H
T
n
t
o
o
p
I
o
s
b
H
y
S
h
i
h
(
a
S
i
N
a
t
f
a
T
c
tAl-Qunfuda
according to the manufacturer protocols, and the
results were evaluated accordingly.
Statistical analysis
The data were coded, validated, and analyzed using
the SPSS PC+ version 13 software package. The fre-
quency, percentage, arithmetic mean, median and
mode were used to characterize the data. The Chi-
square test was used to assess signiﬁcance at the 5%
level. Binary logistic multivariate analysis, adjusted
odds ratios and 95% conﬁdence intervals were used
to identify potential risk factors for exposure among
adolescents.
Results
Description of the study sample
The present study included 389 children and ado-
lescents. There were 62 preschool children (less
than 6 years), 43 pre-adolescents (6—less than 10
years) and 284 adolescents (10—19 years). There
were 98 children aged 1—8 years who were born
after the outbreak in 2000, and 291 persons aged
9—19 years who were born before the outbreak. The
study sample included 256 males and 133 females.
The subjects were from Aseer (103), Jazan (274)
and Al-Qunfuda (12). Regarding occupation, 62.8%
(27) of pre-adolescent children were students, and
the rest were not in school. The majority of ado-
lescent females were non-working housewives (58,
62.8%), whereas the majority of male adolescents
were students (141, 73.8%), followed by shepherds
and manual workers (39, 20.4%). The rate of school
attendance for female adolescents (69, 74.2%) was
similar to that for males.
1
t
A
V0/12 0.0
ousing conditions
he majority of the participants lived in traditional
on-concrete houses (249, 64.0%). Only 39.0% of
he subjects lived in houses with electricity. Fifty-
ne percent (200) kept sheep in their houses (alone
r with other animals, such as goats). Cows were
resent in the houses of 7.5% (29) of participants.
n contrast, camels were only present in the houses
f 3.6% (14) of the participants. Forty percent of
ubjects (156) lived in houses equipped with water
asins for animals.
istory of contact with animals in the past 6
ears
eventeen percent (49) of the adolescents had a
istory of participating in the slaughter of animals
n the past 6 years, 7.4% (21) of adolescents had a
istory of contact with aborted animals, and 4.2%
12) of adolescents had a history of transporting
borted animals.
eroprevalence of Rift Valley fever virus
nfection
one of the study samples were seropositive for
nti-Rift Valley fever IgM. In contrast, 14 (3.6%) of
he study samples were positive for anti-Rift Valley
ever IgG. None of the samples from preschool
nd pre-adolescent children were IgG seropositive.
able 1 shows that none of the samples from
hildren aged 1—less than 9 years (born after
he outbreak) had RVF-speciﬁc IgG. In contrast,
4 subjects (4.8%) aged 9—19 years (born before
he outbreak) were positive for RVF-speciﬁc IgG.
mong adolescents, 4.9% were positive for anti-Rift
alley fever IgG. The highest seroprevalence was
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Table 2 Multivariate analysis, adjusted Odds ratio (aOR) and antecedent 95% conﬁdence intervals (CI) of potential
risk factors determining seropositive RVF IgG among adolescents in southwestern Saudi Arabia.
Variable aOR 95% CI
Lower Upper
Gender: females vs. males 3.711 0.604 12.803
Housing condition: traditional vs. concrete 3.527 0.308 14.383
Housing electricity: yes vs. no 2.516 0.236 8.835
Having animals in house: yes vs. no 2.378 0.243 12.240
Having animal water basins in house: yes vs. no 2.797 0.471 9.137
History of slaughtering animals: yes vs. no 1.004 0.045 3.311
Contact with aborted animals*: yes vs. no 13.361 5.091 35.072
Transporting aborted animals*: yes vs. no 18.861 11.125 31.622
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bserved in the Aseer region (6, 6.4%), followed
y the Jazan region (8, 4.5%). The highest sero-
revalence in different hospitals was observed in
l Birk in the Aseer region and Al Ardah in the
azan region (18.3% for each).
In the univariate analysis, the seroprevalence
f anti-RVF IgG among male adolescents was
.1%. In contrast, the prevalence among female
dolescents was 8.6%. The observed difference
n prevalence by sex was statistically signiﬁcant
2 = 3.98, P = 0.048).
isk factors for Rift Valley fever IgG
eropositivity among adolescents
fter adjusting for other potential risk factors, the
tudy showed that a history of contact with aborted
nimals (aOR = 13.361, 95% CI = 5.091—35.072)
nd a history of transporting aborted animals
aOR = 18.861, 95% CI = 11.125—31.622) were sig-
iﬁcant risk factors (Table 2) among adolescents.
n contrast, sex, housing conditions (concrete or
raditional) and having water basins for animals
nside the house were not signiﬁcant with respect
o the seroprevalence of anti-Rift Valley fever IgG
mong adolescents.
iscussion
t is speculated that the RVF virus was introduced
o the Arabian Peninsula in 1997—1998 during the
VF epidemic in East Africa via the introduc-
ion of infected livestock or windborne infected
osquitoes. It is also hypothesized that climatic
onditions have contributed to sufﬁcient vector
opulations to support transmission in Saudi Arabia
4].
The present study documented that none of the
hildren born after the outbreak of 2000—2001 had
s
w
rny evidence of previous exposure to or a recent
nfection with RVF virus, as documented by the lack
f RVF-speciﬁc IgG and IgM. In humans, RVF virus
nfection generates a primary antibody response of
he IgM class that lasts for three months, whereas
ifelong immunity is mediated by the IgG class [1].
Among adolescents, an overall seroprevalence
f 4.9% was found in the study regions following
he RVF outbreak of 2000—2001. Human studies
onducted during RVF outbreaks have documented
igher rates in Egypt [5,6], Sudan [7,8], the Central
frican Republic, Cameroon [9,10], Nigeria, and
enya [11].
The highest seroprevalence of anti-Rift Valley
ever IgG among adolescents was observed in Al
irk in the Aseer region and Al Ardah in the Jazan
egion. These areas were the initial sites of the
000 outbreak. RVF virus transmission is largely gov-
rned by the habits of the locals in relation to living
ith, handling, and slaughtering animals. The dis-
ase was notably uncommon in children younger
han 10 years of age, an observation that has been
oted elsewhere [11].
Recent studies using ELISAs similar to our study
ocumented a similar variation in the prevalence
f RVF-speciﬁc IgG during an interepidemic period
n Kenya, with an overall seroprevalence of 10.8%
among all age groups) [12—14]. The higher rate in
enya is most likely due to the cumulative effects
f previous exposures to RVF virus. In our study, the
ower seroprevalence documented in areas far from
he initial site of the outbreak could be attributed
o the restriction of animal movement to and from
he affected areas during the outbreak in addition
o health education and the massive vector control
easures that were immediately implemented [6].
Among the adolescents included in the present
tudy, the rate of seroprevalence among females
as higher than among males (8.6% and 3.1%,
espectively). In addition to handling meat during
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cooking, females milk domestic animals and assist
in their deliveries. Some females also butcher
and skin animals for the local markets. In con-
trast, in a cohort of 834 laboratory-conﬁrmed cases
among 884 cases reported to the Saudi Ministry
of Health during the outbreak, Madani et al. [2],
documented a male-to-female ratio of 4:1. This
apparent discrepancy may be because the present
study was conducted during the post-outbreak
period and detected individuals who had been sub-
clinically infected and were thus not reported to
the Ministry of Health during the outbreak. Fur-
thermore, because no younger children exhibited
signs of RVF virus exposure and no older chil-
dren were IgM positive, the results of the present
study suggest that the recent RVF virus activity
in the study area was low or nonexistent among
humans.
The present study showed that a history of
contact with aborted animals and a history of
transporting aborted animals were signiﬁcant risk
factors among adolescents. Adolescents in the
study area usually help family members to handle
animal tissues during the slaughtering, butchering,
or skinning of animals; assist with animal births;
perform veterinary procedures; and/or dispose of
carcasses or fetuses. The identiﬁcation of risk fac-
tors related to animals is not a unique ﬁnding, and
similar risk factors have been documented by others
[12,15,16].
Despite the low RVF activity recently reported
among animals [17,18], the present study appears
to indicate that measures undertaken by the
Ministry of Agriculture have been able to effec-
tively control RVF outbreaks among humans in
southwestern Saudi Arabia. The inherent bias-
related limitation of the present study was the
use of a convenience sample of individuals attend-
ing the outpatient clinics of the region for any
reason.
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